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All cause mortality and the case for age specific alcohol 
consumption guidelines: pooled analyses of up to 10 population 
based cohorts
Craig S Knott,1 Ngaire Coombs,2, 3 Emmanuel Stamatakis,2, 4, 5 Jane P Biddulph1
AbstrAct
ObjeCtives
To examine the suitability of age specific limits for 
alcohol consumption and to explore the association 
between alcohol consumption and mortality in 
different age groups.
Design
Population based data from Health Survey for England 
1998–2008, linked to national mortality registration 
data and pooled for analysis using proportional 
hazards regression. Analyses were stratified by sex 
and age group (50–64 and ≥ 65 years).
setting
Up to 10 waves of the Health Survey for England, which 
samples the non-institutionalised general population 
resident in England.
PartiCiPants
The derivation of two analytical samples was based on 
the availability of comparable alcohol consumption 
data, covariate data, and linked mortality data among 
adults aged 50 years or more. Two samples were used, 
each utilising a different variable for alcohol usage: 
self reported average weekly consumption over the 
past year and self reported consumption on the 
heaviest day in the past week. In fully adjusted 
analyses, the former sample comprised Health Survey 
for England years 1998–2002, 18 368 participants, and 
4102 deaths over a median follow-up of 9.7 years, 
whereas the latter comprised Health Survey for 
England years 1999–2008, 34 523 participants, and 
4220 deaths over a median follow-up of 6.5 years.
Main OutCOMe Measure
All cause mortality, defined as any death recorded 
between the date of interview and the end of data 
linkage on 31 March 2011.
results
In unadjusted models, protective effects were 
identified across a broad range of alcohol usage in 
all age-sex groups. These effects were attenuated 
across most use categories on adjustment for a 
range of personal, socioeconomic, and lifestyle 
factors. After the exclusion of former drinkers, these 
effects were further attenuated. Compared with self 
reported never drinkers, significant protective 
associations were limited to younger men (50–64 
years) and older women (≥ 65 years). Among younger 
men, the range of protective effects was minimal, 
with a significant reduction in hazards present only 
among those who reported consuming 15.1–20.0 
units/average week (hazard ratio 0.49, 95% 
confidence interval 0.26 to 0.91) or 0.1–1.5 units on 
the heaviest day (0.43, 0.21 to 0.87). The range of 
protective effects was broader but lower among older 
women, with significant reductions in hazards 
present ≤ 10.0 units/average week and across all 
levels of heaviest day use. Supplementary analyses 
found that most protective effects disappeared 
where calculated in comparison with various 
definitions of occasional drinkers.
COnClusiOns
Beneficial associations between low intensity alcohol 
consumption and all cause mortality may in part be 
attributable to inappropriate selection of a referent 
group and weak adjustment for confounders. 
Compared with never drinkers, age stratified analyses 
suggest that beneficial dose-response relations 
between alcohol consumption and all cause mortality 
may be largely specific to women drinkers aged 65 
years or more, with little to no protection present in 
other age-sex groups. These protective associations 
may, however, be explained by the effect of selection 
biases across age-sex strata.
Introduction
High alcohol consumption has been negatively 
 associated with more than 200 acute and chronic 
 conditions,1–2 with direct healthcare costs estimated to 
account for £2.7bn ($4.1bn; €3.6bn) of annual National 
Health Service expenditure in England in 2006–07,3 and 
£3.5bn by 2011–124—around 3% of the annual health-
care budget.5 Inclusive of social costs such as losses to 
labour productivity, estimates increase approximately 
10-fold to between £20bn6 and £55bn per annum.7
WhAt Is AlreAdy knoWn on thIs topIc
Alcohol intake is increasing among people aged ≥ 65 years and, in conjunction with 
greater morbidity and prescription drug use, this age group is at risk of alcohol 
related problems because of impaired metabolism of alcohol with age
Meta-analyses of observational data repeatedly indicate that, compared with 
non-drinkers, moderate consumption may be protective against cardiovascular 
diseases and all cause mortality
It is unclear from existing evidence whether the protective effect of moderate 
alcohol consumption is both real and applicable to older populations
WhAt thIs study Adds
Data from up to 10 cohorts representative of the English population, suggest that 
previous associations indicating a protective effect between alcohol intake and all 
cause mortality may have been partly attributable to inappropriate selection of the 
referent group and weak adjustment for confounders
When compared with self reported never drinkers, protective associations were 
largely limited to women drinkers aged 65 years or more
Little to no protection was present in other age-sex groups
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Studies examining the relation between alcohol con-
sumption and all cause mortality have identified 
J-shaped associations, which suggest that low alcohol 
consumption may confer some degree of protection.8 
Compared with non-drinkers, data pooled from 16 
cohort studies have shown a reduction in risk at lower 
levels of alcohol consumption among both men and 
women at a daily use of ≤ 1.9 US standard drinks,8 
equivalent to ≤ 26.6 g of ethanol or ≤ 3.3 UK units/day.9 
Peak risk reduction occurred at 1.0–1.9 standard drinks 
per day (1.8–3.4 units/day) in men (relative risk 0.84, 
95% confidence interval 0.82 to 0.86) and 0.1–0.9 stan-
dard drinks (0.2–1.6 units/day) among women (0.88, 
0.86 to 0.90).8 More recently, data from 34 cohort stud-
ies showed peak protection at lower levels: a 17% (95% 
confidence interval 15% to 19%) reduction at 6g/day 
(0.8 units/day) among men, and an 18% (13% to 22%) 
reduction at 5g/day (0.6 units/day) among women.10 
Here, protective effects were present ≤ 38 g/day (≤ 4.8 
UK units/day) among men and ≤ 18 g/day (≤ 2.3 UK 
units/day) among women. It is possible that the 
J-shaped association between alcohol consumption 
and all cause mortality may be in part a product of a 
similarly protective relation between alcohol and vas-
cular diseases,11,12 with circulatory conditions repre-
senting 29% (124 442/427 170) of deaths in 2013 among 
people aged 65 years or more and living in England and 
Wales—the largest proportion of any reported group of 
conditions.13
The J-shaped relation is contentious, however, with 
some arguing that protective effects may be confounded 
by the common classification of heterogeneous 
non-drinking groups into a single referent category.14–16 
Specifically, former drinkers have been found to exhibit 
poorer self reported health,17 higher levels of depres-
sion,18 and increased risk of mortality than never drink-
ers.19 As such, protective associations identified among 
light drinkers may be less a consequence of a beneficial 
biological mechanism and more a statistical artefact 
resulting from the application of a pooled non-drinking 
category. Indeed, when former drinkers were excluded 
from meta-analysis,10 the protective effect between alco-
hol consumption and total mortality was attenuated 
(P < 0.01). Such a finding suggests that protective effects 
may have been over-estimated by existing studies.
Beside the selection of a more appropriate referent 
group, the part played by age is often overlooked by 
research into alcohol related mortality. According to 
data from the Health Survey for England, consumption 
in excess of recommended daily limits has increased 
among older age groups.20 Between 1994 and 2012, con-
sumption in excess of recommended daily limits among 
people aged 65–74 years increased from 5.3% to 14.0%, 
and from 6.0% to 14.8% in those aged 75 years or more, 
with increases greatest among women in absolute and 
relative terms.
Physiological changes to the aging body are under-
stood to adversely affect the timely elimination of blood 
ethanol after consumption, with decreases in body 
water, hepatic function, and blood flow all impli-
cated.21–24 Given the increased duration and peak con-
centration of blood ethanol that may be experienced by 
drinkers of advancing age, increasing consumption 
among older populations presents an area of potential 
public health concern. This is especially so given age 
related increases in morbidities known to be worsened 
in response to alcohol use,25 as well as age related 
increases in the use of prescription drugs potentially 
contraindicated with alcohol.26–28 Although potentially 
the product of a lag effect from drinking over the limits 
earlier in life, the number of alcohol related hospital 
admissions and wholly attributable deaths are greatest 
among older age groups.29
Taken together, such factors suggest that older popu-
lations may benefit most from a reduction in alcohol 
consumption. In response, the UK Royal College of Psy-
chiatrists recently advised a reduction in the recom-
mended limits for those aged 65 years or more, from 21 
units (about 165.9 g of ethanol) per week for men and 14 
units (110.6 g) per week for women, to 11 units (86.9 g) 
per week or 1.5 units per day for both men and women 
aged 65 years or more.30 Evidence underpinning such 
an age specific threshold is, however, lacking.
Although it is common to stratify dose-risk estimates by 
sex, age is often included only as a confounding factor. 
Of the 34 mortality studies eligible for a meta-analysis,10 
just two publications included participants aged 65 
years or more and reported results by age group. The 
first, a study of Hawaiian men of Japanese origin aged 
51–64 (n = 2946) and 65–75 (n = 847) years, found no 
significant multivariate adjusted relation between alco-
hol consumption and all cause mortality in either age 
group after six years, although J-shaped relations were 
visible in each age group compared with pooled 
non-drinkers.31 The second study, which used data from 
the first US National Health and Examination Survey 
(NHANES I) and benefited from a larger sample and fol-
low-up period, stratified results by people aged 25–59 
years and 60–75 years and adjusted for age, education, 
smoking status, and body mass index.32 Middle aged 
men and women drinkers showed no significant differ-
ence in all cause mortality compared with non-drinkers, 
except at very high levels of consumption, where risks 
were increased. In contrast, older men and women each 
exhibited marginally protective associations at less 
than two standard US drinks a week (< 0.5 units/day), 
with odds ratios of 0.78 (95% confidence interval 0.61 to 
1.00) and 0.82 (0.67 to 1.00), respectively. Although a 
protective effect was identified up to higher levels of 
consumption in other models, these accounted for fac-
tors potentially present on the causal pathway, such as 
cholesterol33 and blood pressure.34 Beyond these two 
publications, there is some suggestion that any protec-
tive effect conferred by alcohol may be greatest among 
older populations,35 potentially supporting the hypoth-
esis of reduced mortality occurring through a beneficial 
effect of alcohol consumption on cardiovascular mor-
bidities prevalent among older populations.
Given the lack of age-specific data,10 we explored the 
association between alcohol consumption and all cause 
mortality for people aged less than 65 years and aged 65 
or more. In addition, we examined the effect of adopting 
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an improved choice of referent group by separating 
never drinkers and former drinkers. We hypothesised 
that if the protective effect of moderate drinking was 
more than an artefact of study design and operated 
through a cardiovascular pathway, any risk reduction in 
mortality would be greatest among those aged 65 years 
or more.
Methods
Participants
The Health Survey for England is an annual, nationally 
representative cross sectional survey of the non-institu-
tionalised general population resident in England. 
Since 1994, adult participants have been asked for con-
sent to follow-up through linkage to national mortality 
registration data, making possible the longitudinal 
analysis of survival rates within population subgroups. 
Detailed information on the Health Survey for England 
has been published elsewhere.36
The derivation of analytical samples in this study was 
based on the availability of comparable data on alcohol 
consumption, covariate data, and linked mortality data 
among adults aged 50 years or more (fig 1). We excluded 
those aged less than 50 years to reduce the possibility of 
dilution of the hazard ratios within the subgroup of 
younger adults. We also performed sensitivity analyses 
and included those aged less than 50 years (see supple-
mentary tables 1 and 2). In the fully adjusted models, 
truncation of the sample significantly increased protec-
tive associations observed among men. Protective asso-
ciations also increased among women, but were 
broadly comparable in effect size.
We derived two analytical samples according to dif-
ferent alcohol use variables: self reported average 
weekly consumption over the past year and self 
reported consumption on the heaviest day in the past 
week. In fully adjusted analyses, the former sample 
comprised Health Survey for England years 1998–2002, 
18 368 participants, and 4102 deaths over a median fol-
low-up of 9.7 years, whereas the latter concerned Health 
Survey for England years 1999–2008, 34 523 partici-
pants, and 4220 deaths over a median 6.5 years of fol-
low-up (fig 1).
Outcome variable
We defined all cause mortality as any death recorded 
between baseline and the end of linkage on 31 March 
2011. Mortality was coded as a binary variable repre-
senting death or censoring. Analyses were restricted to 
those who consented to linkage. Those who consented 
were more likely to be younger, in higher socioeco-
nomic positions, have higher educational attainment, 
and be of white ethnic background.
alcohol consumption
Figure 2 shows the derivation of the alcohol use catego-
ries. In all years, participants were asked whether they 
“ever drink alcohol nowadays,” including drinks 
brewed or made at home or consumed for special occa-
sions. Former drinkers comprised those who reported 
consuming alcohol in the past but had since stopped 
drinking, and never drinkers were those who reported 
never having consumed alcohol.
average weekly consumption
Those who reported having consumed alcohol in the 
past year were asked about their frequency of con-
sumption over the past 12 months. Of those who 
responded, supplementary questions were posed for 
six different drink types: normal strength beer/lager/
stout/cider/shandy; strong beer/lager/cider; wine; 
sherry and martini; spirits and liqueurs; alcoholic soft 
drinks. Participants were also asked about the quan-
tity “usually drunk on any one day” according to drink 
Restricted to participants aged ≥50 years (n=78 102)
Participants with mortality linkage (n=68 584; 87.8%)
Valid heaviest day alcohol consumption data (n=40 274; 58.7%)Valid average week alcohol consumption data (n=43 097; 62.8%)
Sucient covariate data (n=34 523; 85.7%; 6.5 years follow-up)Sucient covariate data (n=18 368; 42.6%; 9.7 years follow-up)
Deceased (n=4102; 22.3%)Censored (n=14 266; 77.7%) Deceased (n=4220; 12.2%)Censored (n=30 303; 87.8%)
1994
(n=15 809)
1995
(n=16 055)
1996
(n=16 443)
No consent to linkage (n=9518; 12.2%)
No heaviest alcohol data
(n=28 310; 41.3%)
No average week alcohol data
(n=25 487; 37.2%)
Insucient covariates available
(n=5751; 14.3%)
Insucient covariates available
(n=24 729; 57.4%)
Health Survey for England survey years
1997
(n=8582)
1998
(n=15 908)
1999
(n=7798)
2000
(n=7988)
2001
(n=15 647)
2002
(n=7395)
2003
(n=14 836)
2004
(n=6704)
2005
(n=7630)
2006
(n=14 142)
2007
(n=6882)
2008
(n=15 102)
Fig 1 | Derivation of the analytical samples
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sizes such as pints, bottles, and 125 ml glasses. An 
estimate of weekly consumption was then derived by 
converting reported quantities into UK units of alcohol 
according to assumed average drink strengths, then 
multiplying the units by the average number of drink-
ing days a week, as based on reported consumption 
frequency over the preceding 12 months. The weekly 
use variable was then recoded into five categories: 
0.1–5, 5.1–10, 10.1–15, 15.1–20, > 20 units/week. (See the 
2002 Health Survey for England report for further 
information on the precise conversion factors used for 
the derivation of a weekly alcohol consumption vari-
able.37) Additional categories included those who 
defined themselves as current drinkers but did not 
consume alcohol in the year before being interviewed 
by Health Survey for England staff, and frequency 
table 1 | relation between alcohol consumption and all cause mortality in men by age (non-drinker referent category)
alcohol intake
50–64 years ≥ 65 years
no of deaths Hazard ratio (95% Ci) P value no of deaths Hazard ratio (95% Ci) P value
Weekly consumption (1998–2002)
Model 1:*
 Non-drinker 60 1.00 (reference) 307 1.00 (reference)
 Not in past 12 months† 2 0.87 (0.21 to 3.57) 0.85 19 1.18 (0.74 to 1.87) 0.49
 < 1 occasion/month 53 0.66 (0.46 to 0.95) 0.03 268 0.82 (0.70 to 0.97) 0.02
 1–2 occasions/month 48 0.59 (0.40 to 0.86) 0.01 180 0.75 (0.62 to 0.90) < 0.01
 0.1–5.0 units 51 0.58 (0.40 to 0.84) < 0.01 328 0.80 (0.68 to 0.93) 0.01
 5.1–10.0 units 72 0.54 (0.38 to 0.76) < 0.01 328 0.64 (0.54 to 0.74) < 0.01
 10.1–15.0 units 58 0.52 (0.37 to 0.75) < 0.01 226 0.77 (0.65 to 0.92) < 0.01
 15.1–20.0 units 34 0.41 (0.27 to 0.62) < 0.01 108 0.60 (0.48 to 0.75) < 0.01
 > 20.0 units 195 0.69 (0.51 to 0.92) 0.01 413 0.74 (0.63 to 0.85) < 0.01
Model 2:‡
 Non-drinker 54 1.00 (reference) 217 1.00 (reference)
 Not in past 12 months† 1 0.53 (0.07 to 3.90) 0.53 11 1.28 (0.69 to 2.36) 0.43
 < 1 occasion/month 45 0.63 (0.42 to 0.94) 0.02 203 0.81 (0.67 to 0.98) 0.03
 1–2 occasions/month 41 0.61 (0.40 to 0.93) 0.02 141 0.79 (0.64 to 0.98) 0.03
 0.1–5.0 units 44 0.75 (0.50 to 1.14) 0.18 249 0.82 (0.68 to 0.99) 0.04
 5.1–10.0 units 65 0.66 (0.45 to 0.97) 0.03 263 0.70 (0.58 to 0.84) < 0.01
 10.1–15.0 units 52 0.65 (0.44 to 0.97) 0.03 188 0.82 (0.67 to 1.00) 0.06
 15.1–20.0 units 30 0.51 (0.32 to 0.82) 0.01 83 0.69 (0.53 to 0.89) 0.01
 > 20.0 units 175 0.75 (0.54 to 1.03) 0.08 341 0.79 (0.66 to 0.94) 0.01
Consumption on heaviest day (1999–2008)
Model 1:*
 Non-drinker 57 1.00 (reference) 309 1.00 (reference)
 Not in past 12 months† 6 2.26 (0.97 to 5.24) 0.06 26 1.06 (0.71 to 1.58) 0.78
 < 1 occasion/month 57 0.69 (0.48 to 0.99) 0.05 357 0.93 (0.80 to 1.08) 0.34
 1–2 occasions/month 44 0.53 (0.36 to 0.79) < 0.01 216 0.79 (0.67 to 0.95) 0.01
 > 2 occasions/month§ 20 0.65 (0.39 to 1.09) 0.10 130 0.90 (0.73 to 1.11) 0.32
 0.1–1.5 units 29 0.33 (0.21 to 0.52) < 0.01 427 0.71 (0.61 to 0.82) < 0.01
 1.6–3.0 units 88 0.49 (0.35 to 0.68) < 0.01 454 0.68 (0.59 to 0.78) < 0.01
 3.1–4.5 units 64 0.68 (0.48 to 0.97) 0.04 201 0.82 (0.68 to 0.98) 0.03
 > 4.5 units 214 0.67 (0.50 to 0.90) 0.01 298 0.69 (0.59 to 0.81) < 0.01
Model 2:‡
 Non-drinker 42 1.00 (reference) 215 1.00 (reference)
 Not in past 12 months† 4 1.77 (0.63 to 5.03) 0.28 19 1.10 (0.69 to 1.76) 0.69
 < 1 occasion/month 46 0.66 (0.43 to 1.01) 0.06 269 0.90 (0.75 to 1.09) 0.28
 1–2 occasions/month 39 0.66 (0.42 to 1.03) 0.07 167 0.86 (0.70 to 1.06) 0.15
 > 2 occasions/month§ 18 0.78 (0.44 to 1.36) 0.38 92 0.85 (0.67 to 1.09) 0.21
 0.1–1.5 units 25 0.50 (0.30 to 0.84) 0.01 322 0.78 (0.65 to 0.93) 0.01
 1.6–3.0 units 76 0.69 (0.47 to 1.02) 0.06 351 0.73 (0.61 to 0.87) < 0.01
 3.1–4.5 units 54 0.84 (0.56 to 1.27) 0.40 169 0.90 (0.73 to 1.10) 0.30
 > 4.5 units 198 0.83 (0.59 to 1.18) 0.30 248 0.68 (0.57 to 0.82) < 0.01
Sample sizes (weekly):
 Model 1 5308 4447
 Model 2 4876 3755
Sample sizes (heaviest day):
 Model 1 10 046 8365
 Model 2 9155 7096
*Adjusted for age.
†Participants who reported being current drinkers and also reported not having consumed alcohol within the 12 months before interview.
‡As model 1, plus adjustment for body mass index, economic activity, education, ethnicity, government office region, marital status, smoking status, and social class.
§Participants who reported an average annual frequency of  > 2 occasions/month but who reported not drinking in the week before interview.
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based occasional drinking categories: those who 
reported consuming alcohol on less than one occasion 
a month and those who reported drinking alcohol on 
only one or two occasions a month. These “occasional 
drinkers” therefore represented infrequent consumers 
of alcohol. We excluded those who refused to answer 
or could not recall their frequency of consumption 
over the past year.
Consumption on heaviest day
We defined participants who reported drinking in the 
past year as current drinkers and asked whether they 
had also consumed alcohol in the past seven days. Of 
those who did, information was gathered on the 
types, quantities, and volumes of alcohol consumed 
on the heaviest drinking day in the week. Methods 
and conversion factors used to estimate use on the 
table 2 | relation between alcohol consumption and all cause mortality in women by age (non-drinker referent group)
alcohol intake
50–64 years ≥ 65 years
no of deaths Hazard ratio (95% Ci) P value no of deaths Hazard ratio (95% Ci) P value
Weekly consumption (1998–2002)
Model 1:*
 Non-drinker 72 1.00 (reference) 653 1.00 (reference)
 Not in past 12 months† 7 1.37 (0.63 to 2.98) 0.43 26 1.33 (0.90 to 1.96) 0.16
 < 1 occasion/month 81 0.78 (0.57 to 1.08) 0.14 511 0.79 (0.70 to 0.89) < 0.01
 1–2 occasions/month 52 0.59 (0.42 to 0.85) < 0.01 220 0.63 (0.54 to 0.73) < 0.01
 0.1–5.0 units 66 0.55 (0.39 to 0.76) < 0.01 364 0.65 (0.57 to 0.74) < 0.01
 5.1–10.0 units 50 0.52 (0.36 to 0.74) < 0.01 276 0.73 (0.63 to 0.84) < 0.01
 10.1–15.0 units 25 0.43 (0.27 to 0.67) < 0.01 116 0.67 (0.55 to 0.82) < 0.01
 15.1–20.0 units 15 0.54 (0.31 to 0.95) 0.03 43 0.60 (0.44 to 0.81) < 0.01
 > 20.0 units 37 0.76 (0.51 to 1.13) 0.17 94 0.73 (0.59 to 0.90) < 0.01
Model 2:‡
 Non-drinker 56 1.00 (reference) 386 1.00 (reference)
 Not in past 12 months† 6 1.16 (0.49 to 2.71) 0.74 16 1.57 (0.94 to 2.61) 0.08
 < 1 occasion/month 67 0.70 (0.49 to 1.00) 0.05 339 0.76 (0.65 to 0.88) < 0.01
 1–2 occasions/month 42 0.65 (0.43 to 0.97) 0.04 160 0.67 (0.56 to 0.81) < 0.01
 0.1–5.0 units 60 0.69 (0.47 to 1.00) 0.05 265 0.70 (0.60 to 0.82) < 0.01
 5.1–10.0 units 47 0.61 (0.41 to 0.91) 0.02 187 0.70 (0.58 to 0.83) < 0.01
 10.1–15.0 units 22 0.48 (0.29 to 0.79) < 0.01 89 0.77 (0.61 to 0.98) 0.03
 15.1–20.0 units 14 0.71 (0.39 to 1.29) 0.26 37 0.67 (0.48 to 0.94) 0.02
 > 20.0 units 32 0.77 (0.49 to 1.20) 0.25 74 0.71 (0.55 to 0.92) 0.01
Consumption on heaviest day (1999–2008)
Model 1:*
 Non-drinker 70 1.00 (reference) 641 1.00 (reference)
 Not in past 12 months† 7 1.27 (0.58 to 2.76) 0.55 37 0.89 (0.64 to 1.24) 0.49
 < 1 occasion/month 90 0.81 (0.59 to 1.10) 0.18 577 0.71 (0.63 to 0.79) < 0.01
 1–2 occasions/month 46 0.57 (0.39 to 0.83) < 0.01 213 0.59 (0.51 to 0.69) < 0.01
 > 2 occasions/month§ 17 0.68 (0.40 to 1.16) 0.16 95 0.76 (0.61 to 0.94) 0.01
 0.1–1.5 units 45 0.50 (0.35 to 0.73) < 0.01 466 0.67 (0.59 to 0.75) < 0.01
 1.6–3.0 units 64 0.47 (0.34 to 0.67) < 0.01 267 0.64 (0.55 to 0.74) < 0.01
 3.1–4.5 units 20 0.51 (0.31 to 0.84) 0.01 39 0.60 (0.44 to 0.83) < 0.01
 > 4.5 units 38 0.60 (0.41 to 0.90) 0.01 36 0.63 (0.45 to 0.88) 0.01
Model 2:‡
 Non-drinker 52 1.00 (reference) 359 1.00 (reference)
 Not in past 12 months† 6 1.18 (0.50 to 2.76) 0.71 20 1.16 (0.74 to 1.83) 0.51
 < 1 occasion/month 70 0.72 (0.50 to 1.03) 0.07 388 0.74 (0.64 to 0.86) < 0.01
 1–2 occasions/month 40 0.70 (0.46 to 1.06) 0.10 152 0.66 (0.54 to 0.80) < 0.01
 > 2 occasions/month§ 16 0.86 (0.49 to 1.52) 0.60 63 0.86 (0.66 to 1.13) 0.291
 0.1–1.5 units 39 0.67 (0.44 to 1.03) 0.07 305 0.72 (0.61 to 0.84) < 0.01
 1.6–3.0 units 57 0.58 (0.39 to 0.86) 0.01 192 0.69 (0.58 to 0.83) < 0.01
 3.1–4.5 units 18 0.56 (0.32 to 0.96) 0.04 28 0.55 (0.37 to 0.81) < 0.01
 > 4.5 units 34 0.60 (0.38 to 0.93) 0.02 27 0.59 (0.40 to 0.88) 0.01
Sample sizes (weekly):
 Model 1 6051 5562
 Model 2 5444 4293
Sample sizes (heaviest day):
 Model 1 11 596 10 267
 Model 2 10 323 7949
*Adjusted for age.
†Participants who reported being current drinkers and also reported not having consumed alcohol within the 12 months before interview.
‡As model 1, plus adjustment for body mass index, economic activity, education, ethnicity, government office region, marital status, smoking status, and social class.
§Participants who reported an average annual frequency of  > 2 occasions/month but who reported not drinking in the week before interview.
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heaviest day in the past week are detailed else-
where.38 39
Consumption on the heaviest day was categorised 
into 1.5 unit increments (≤ 1.5, > 1.5–3.0, > 3.0–4.5, > 4.5 
units/day). Owing to the positive skewness of the heavi-
est day variable, whereby a few participants consumed 
alcohol at higher levels, we grouped those who reported 
consuming more than 4.5 units into a single category. 
Given that beneficial effects resulting from alcohol use 
have typically presented at levels below the 4.5 unit 
threshold, we did not consider such a categorisation of 
the highest consumption category as problematic for 
the purpose of these analyses.
We defined current drinkers who did not consume 
alcohol in the year before the interview and occasional 
drinkers as for the average weekly consumption vari-
able, with the addition of a category denoting those 
with an average annual frequency of more than two 
occasions a month but who reported not drinking in the 
week before the interview. We excluded those who 
refused to answer or could not recall their frequency of 
consumption over the past year. Figure 2 outlines the 
derivation of both variables.
Covariates
To capture the effect of geographical and cultural differ-
ences in drinking behaviour, we included government 
office regions40 and ethnicity41 as covariates. For com-
parability across survey years, where definitions 
changed between surveys, we selected broad ethnic 
categories (white, black, Asian, Chinese, or other). This 
risked masking the heterogeneity of ethnic minority 
groups such as people of south Asian origin.42 Educa-
tion and occupational status have been identified as 
inde pendent predictors of alcohol related mortality.43 44 
Socioeconomic variables included education (national 
vocational qualification (NVQ) level 4–5, degree or 
equivalent; higher education below degree level; NVQ 
level 3 or general certificate of education (GCE) A level 
equivalent; NVQ level 2 or GCE O level equivalent; NVQ 
level 1, other grade equivalent or ungraded; foreign or 
other; no qualification; full time student), economic 
Do you drink nowadays?
How oen had you consumed alcohol in the past 12 months?
Have you consumed alcohol in the past 7 days?
What type of drink(s) did you have on your heaviest day?
How many and what size bottles/cans/glasses did you have?
How many and what size bottles/cans/glasses did you drink on any one day?
Estimated average weekly consumption in past year
No
Does that mean you never drink, or only drink occasionally?
Have you always been a non-drinker?
Not applicableNo answer; refusedYes
No answer; refusedDon’t know
Not in past
12 months
Don’t knowNo answer;
refused
1-2/year1/few month1-2 days/
month
1-2 days/
week
3-4 days/
week
5-6 days/
week
Almost
every day
Former
drinker
Never
drinker
Not in past
12 months
Valid
average week
Valid
heaviest day
NeverOccasionally
Derivation of estimated alcohol consumption
Variables available in survey
years 1994-2002 only
Variables available in survey
years 1998-2008 only
No answer; refusedDon’t knowNoYes
NoDon’t
know
No
answer;
refused
Alcoholic
so
drinks
WineSherry;
martini
Spirits;
liqueurs
Strong
beer,
lager,
cider
Normal
beer,
lager,
cider,
shandy
No answer; refusedDon’t knowYes
Consumption on heaviest day in past week
Don’t
know
No
answer;
refused
Alcoholic
so
drinks
WineSherry;
martini
Spirits;
liqueurs
Strong
beer,
lager,
cider
Normal
beer,
lager,
cider,
shandy
Fig 2 | routing of alcohol consumption questions in the Health survey for england
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activity (employed, unemployed, retired, other eco-
nomically inactive), and socioeconomic position (pro-
fessional, managerial technical, skilled non-manual, 
skilled manual, semiskilled manual, unskilled manual, 
other, for example, armed forces).
Associations have also been identified between 
markers of social support and both drinking behaviour 
and mortality,45 including marital status46 47 and loneli-
ness.48 Thus we included marital status as a covariate 
(single, married, separated, divorced, widowed).
Cigarette smoking status (never regular smoker, for-
mer smoker, < 10, 10–19, ≥ 20/day) was selected given 
its differential distribution across consumption catego-
ries49 and strong association with mortality.50 Finally, 
with possible associations between alcohol consump-
tion and obesity,51 we also included body mass index 
(< 25.0, 25.0–29.9, ≥ 30.0 kg/m2).
statistical analyses
The hierarchical multistage structure of the Health Sur-
vey for England sampling procedure produces a more 
geographically concentrated subset of participants 
than would be found using a simple random sampling 
method, introducing clustering that weakens statistical 
precision and underestimates variance.52 However, 
non-response weight and complex design variables 
were not introduced until 2003. We performed a sensi-
tivity analysis to compare adjusted and non-unadjusted 
risk estimates according to the heaviest day use vari-
able, restricted to years for which non-response weight 
and design variables were available (see supplementary 
tables 3 and 4). Dose-response relations according to 
adjusted and unadjusted data were broadly compara-
ble, with only minor discrepancies in calculated risk 
estimates. Thus we made the decision to omit these 
variables in favour of utilising a broader number of sur-
vey years, increasing the number of participants 
included in the heaviest day analyses by extending the 
sample to include all survey years for which the heavi-
est day variable was available (1999–2008) and permit-
ting the analysis of average weekly alcohol consumption 
over the previous year (1998–2002).
Missingness was generally low, at less than 0.2% for 
all but body mass index (weekly sample: 11.9%; heavi-
est day sample: 12.5%). Data on body mass index were 
missing for an assortment of reasons, including refusal, 
ineligibility through pregnancy or advanced age, or 
invalidity attributable to hairstyle or clothing. Those 
with missing data were more likely to be older, women, 
unqualified, full time students, retired, economically 
inactive, or single. Owing to small subgroup sample 
size, we recorded unemployed people aged more than 
64 years as “other economically inactive” in both ana-
lytical samples (n = 5).
For each alcohol consumption variable, we under-
took proportional hazards analyses for each of the two 
age groups of interest. In all cases the first model 
reported age adjusted figures only, whereas the second 
model reported fully adjusted hazard ratios. We investi-
gated the suitability of stratification by sex through the 
introduction of a sex-dose interaction term into each 
fully adjusted model. The interaction was highly signif-
icant in all cases (P < 0.001), and so we reported sex 
specific models for each age group of interest. We also 
tested an age-dose interaction for each fully adjusted, 
age stratified sex specific model. This was statistically 
insignificant in all cases.
To examine the reasonableness of the proportional 
hazards assumption of each model, we used Stata’s pht-
est command,53 regressing Schoenfeld residuals against 
time for each Cox model, and we assessed the log-log 
survival curves graphically. The proportionality 
assumption was met across all models. All analyses 
were conducted in Stata 13, with a significance thresh-
old of less than 0.05.
results
Supplementary table 5 summarises the characteristics 
of the analytical samples. Older populations were more 
likely to be widowed, be retired, be former smokers, and 
have no qualifications. In terms of alcohol consump-
tion, never and former drinking were more prevalent 
among older people, with alcohol use generally lower 
among women and older age-sex groups.
Tables 1 and 2 show the hazards of death compared 
with a conventional non-drinking category for both the 
weekly and the heaviest day use variables. In age 
adjusted models (model 1), weekly use and use on the 
heaviest day were protective at all levels and in all age 
groups except for women aged 50–64 years (table 2), 
where consumption of more than 20.0 units/week was 
insignificant (P = 0.17).
Adjustment for covariates attenuated the degree of 
protection in most categories of weekly and heaviest 
day consumption (model 2). Among younger men, pro-
tection was apparent between 5.1 and 20.0 units/week 
and 0.1 and 1.5 units on the heaviest day, with peak pro-
tection of comparable magnitude identified at 15.1–20.0 
(hazard ratio 0.51, 95% confidence interval 0.32 to 0.82) 
and 0.1–1.5 (0.50, 0.30 to 0.84) units, respectively. Less 
protection was evident among older men, but with pro-
tective effects spread across a broader range of alcohol 
use categories. Peak protection was present at 15.1–20.0 
units/week (0.69, 0.53 to 0.89) and > 4.5 units on the 
heaviest day (0.68, 0.57 to 0.82).
After multivariable adjustment, protective associa-
tions were present among younger women at alcohol 
use between 0.1 and 15.0 units/week and > 1.5 units on 
the heaviest day. Peak protection was evident at a lower 
weekly use than in younger men, at 10.1–15.0 units 
(0.48, 0.29 to 0.79), but at a higher level according to the 
heaviest day variable (3.1–4.5 units, 0.56, 0.32 to 0.96). 
Peak protection among older women was present at the 
same level of use on the heaviest day (0.55, 0.37 to 0.81) 
and at a weekly use comparable to older men (15.1–20.0 
units/week, 0.67, 0.48 to 0.94).
In the fully adjusted model, in terms of occasional alco-
hol consumption, participants who reported consump-
tion at a frequency of two or less drinking occasions a 
month consistently presented with borderline or signifi-
cantly lower risks of all cause mortality compared with 
pooled non-drinkers in all age-sex groups on the weekly 
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consumption variable. For the heaviest day variable, sta-
tistically significant protective effects among occasional 
drinkers were specific to older women (table 2).
Tables 3 and 4 show the hazards after excluding for-
mer drinkers from the non-current referent category 
and compared with never drinkers. The case for omit-
ting former drinkers from an abstention category is sup-
ported by their higher hazards compared with never 
drinkers. The attenuation or nullification of these haz-
ards after adjustment for all covariates suggests that 
table 3 | relation between alcohol consumption and all cause mortality in men by age (never drinker referent category)
alcohol intake
50–64 years ≥ 65 years
no of deaths Hazard ratio (95% Ci) P value no of deaths Hazard ratio (95% Ci) P value
Weekly alcohol consumption (1998–2002)
Model 1:*
 Never drinker 20 1.00 (reference) 95 1.00 (reference)
 Former drinker 40 1.28 (0.75 to 2.19) 0.36 212 1.50 (1.18 to 1.92)  < 0.01
 Not in past 12 months† 2 1.02 (0.24 to 4.37) 0.98 19 1.53 (0.94 to 2.51) 0.09
 < 1 occasion/month 53 0.77 (0.46 to 1.29) 0.33 268 1.07 (0.85 to 1.36) 0.55
 1–2 occasions/month 48 0.69 (0.41 to 1.16) 0.17 180 0.97 (0.76 to 1.25) 0.83
 0.1–5.0 units 51 0.68 (0.41 to 1.14) 0.15 328 1.04 (0.83 to 1.31) 0.74
 5.1–10.0 units 72 0.63 (0.38 to 1.03) 0.07 328 0.83 (0.66 to 1.04) 0.11
 10.1–15.0 units 58 0.61 (0.37 to 1.02) 0.06 226 1.01 (0.79 to 1.28) 0.94
 15.1–20.0 units 34 0.48 (0.27 to 0.83) 0.01 108 0.78 (0.59 to 1.03) 0.08
 > 20.0 units 195 0.81 (0.51 to 1.28) 0.36 413 0.96 (0.77 to 1.20) 0.71
Model 2:‡
 Never drinker 17 1.00 (reference) 73 1.00 (reference)
 Former drinker 37 0.93 (0.52 to 1.69) 0.82 144 1.18 (0.88 to 1.57) 0.27
 Not in past 12 months† 1 0.51 (0.07 to 3.87) 0.51 11 1.43 (0.75 to 2.71) 0.28
 < 1 occasion/month 45 0.60 (0.33 to 1.07) 0.08 203 0.90 (0.68 to 1.19) 0.46
 1–2 occasions/month 41 0.58 (0.32 to 1.05) 0.07 141 0.88 (0.66 to 1.18) 0.39
 0.1–5.0 units 44 0.72 (0.40 to 1.29) 0.27 249 0.92 (0.70 to 1.20) 0.54
 5.1–10.0 units 65 0.63 (0.36 to 1.11) 0.11 263 0.78 (0.59 to 1.02) 0.07
 10.1–15.0 units 52 0.62 (0.35 to 1.10) 0.10 188 0.92 (0.69 to 1.21) 0.54
 15.1–20.0 units 30 0.49 (0.26 to 0.91) 0.03 83 0.77 (0.56 to 1.06) 0.11
 > 20.0 units 175 0.71 (0.42 to 1.21) 0.21 341 0.88 (0.67 to 1.14) 0.33
Consumption on heaviest day (1999–2008)
Model 1:*
 Never drinker 16 1.00 (reference) 90 1.00 (reference)
 Former drinker 41 1.34 (0.75 to 2.39) 0.32 219 1.78 (1.39 to 2.27)  < 0.01
 Not in past 12 months† 6 2.76 (1.08 to 7.07) 0.03 26 1.53 (0.99 to 2.38) 0.05
 < 1 occasion/month 57 0.84 (0.48 to 1.46) 0.54 357 1.35 (1.07 to 1.70) 0.01
 1–2 occasions/month 44 0.65 (0.37 to 1.16) 0.14 216 1.15 (0.90 to 1.48) 0.25
 > 2 occasions/month§ 20 0.80 (0.41 to 1.54) 0.51 130 1.31 (1.00 to 1.71) 0.05
 0.1–1.5 units 29 0.41 (0.22 to 0.75)  < 0.01 427 1.03 (0.82 to 1.29) 0.79
 1.6–3.0 units 88 0.59 (0.35 to 1.01) 0.06 454 0.98 (0.78 to 1.23) 0.89
 3.1–4.5 units 64 0.83 (0.48 to 1.44) 0.51 201 1.19 (0.92 to 1.52) 0.18
 > 4.5 units 214 0.82 (0.49 to 1.37) 0.45 298 1.01 (0.79 to 1.28) 0.94
Model 2:‡
 Never drinker 12 1.00 (reference) 65 1.00 (reference)
 Former drinker 30 0.79 (0.40 to 1.58) 0.51 150 1.28 (0.95 to 1.73) 0.10
 Not in past 12 months† 4 1.50 (0.47 to 4.77) 0.49 19 1.30 (0.78 to 2.19) 0.32
 < 1 occasion/month 46 0.56 (0.29 to 1.09) 0.09 269 1.07 (0.81 to 1.42) 0.62
 1–2 occasions/month 39 0.56 (0.29 to 1.10) 0.09 167 1.02 (0.76 to 1.37) 0.90
 > 2 occasions/month§ 18 0.66 (0.31 to 1.40) 0.28 92 1.01 (0.73 to 1.40) 0.94
 0.1–1.5 units 25 0.43 (0.21 to 0.87) 0.02 322 0.92 (0.70 to 1.21) 0.55
 1.6–3.0 units 76 0.59 (0.31 to 1.11) 0.10 351 0.86 (0.66 to 1.14) 0.29
 3.1–4.5 units 54 0.72 (0.37 to 1.37) 0.31 169 1.06 (0.79 to 1.43) 0.68
 > 4.5 units 198 0.71 (0.38 to 1.31) 0.27 248 0.81 (0.61 to 1.08) 0.15
Sample sizes (weekly):
 Model 1 5308 4447
 Model 2 4876 3755
Sample sizes (heaviest day):
 Model 1 10 046 8365
 Model 2 9155 7096
*Adjusted for age.
†Participants who reported being current drinkers and also reported not having consumed alcohol within the 12 months before interview.
‡As model 1, plus adjustment for body mass index, economic activity, education, ethnicity, government office region, marital status, smoking status, and social class.
§Participants who reported an average annual frequency of  > 2 occasions/month but who reported not drinking in the week before interview.
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former drinkers may be disproportionally subject to a 
clustering of negative exposures.
Significant protective effects were apparent across a 
much narrower range of alcohol use categories after the 
exclusion of former drinkers from the referent category. 
In fully adjusted data, protection among younger men 
was present only between 15.1 and 20.0 units/week 
(0.49, 0.26 to 0.91) and 0.1–1.5 units on the heaviest day 
(0.43, 0.21 to 0.87), whereas no significant protective 
association was evident at any level among older men 
table 4 | relation between alcohol consumption and all cause mortality in women by age (never drinker referent category)
alcohol intake
50–64 years ≥ 65 years
no of deaths Hazard ratio (95% Ci) P value no of deaths Hazard ratio (95% Ci) P value
Weekly alcohol consumption (1998–2002)
Model 1:*
 Never drinker 29 1.00 (reference) 353 1.00 (reference)
 Former drinker 43 1.94 (1.21 to 3.11) 0.01 300 1.34 (1.15 to 1.56)  < 0.01
 Not in past 12 months† 7 1.93 (0.84 to 4.40) 0.12 26 1.50 (1.01 to 2.24) 0.05
 < 1 occasion/month 81 1.11 (0.72 to 1.69) 0.64 511 0.89 (0.78 to 1.02) 0.11
 1–2 occasions/month 52 0.84 (0.53 to 1.32) 0.45 220 0.71 (0.60 to 0.84)  < 0.01
 0.1–5.0 units 66 0.77 (0.50 to 1.19) 0.24 364 0.74 (0.64 to 0.85)  < 0.01
 5.1–10.0 units 50 0.73 (0.46 to 1.16) 0.18 276 0.83 (0.71 to 0.97) 0.02
 10.1–15.0 units 25 0.60 (0.35 to 1.03) 0.06 116 0.76 (0.62 to 0.94) 0.01
 15.1–20.0 units 15 0.77 (0.41 to 1.43) 0.40 43 0.68 (0.49 to 0.93) 0.02
 > 20.0 units 37 1.07 (0.66 to 1.74) 0.79 94 0.82 (0.66 to 1.03) 0.10
Model 2:‡
 Never drinker 19 1.00 (reference) 205 1.00 (reference)
 Former drinker 37 1.79 (1.02 to 3.16) 0.04 181 1.23 (1.01 to 1.51) 0.04
 Not in past 12 months† 6 1.63 (0.64 to 4.13) 0.30 16 1.72 (1.03 to 2.88) 0.04
 < 1 occasion/month 67 1.00 (0.59 to 1.67) 0.99 339 0.83 (0.70 to 0.99) 0.04
 1–2 occasions/month 42 0.92 (0.53 to 1.60) 0.77 160 0.74 (0.60 to 0.91) 0.01
 0.1–5.0 units 60 0.97 (0.57 to 1.65) 0.92 265 0.77 (0.64 to 0.92) 0.01
 5.1–10.0 units 47 0.87 (0.50 to 1.50) 0.61 187 0.77 (0.63 to 0.94) 0.01
 10.1–15.0 units 22 0.68 (0.36 to 1.29) 0.24 89 0.85 (0.66 to 1.10) 0.22
 15.1–20.0 units 14 1.01 (0.50 to 2.05) 0.98 37 0.74 (0.52 to 1.06) 0.10
 > 20.0 units 32 1.10 (0.61 to 1.98) 0.76 74 0.79 (0.60 to 1.03) 0.09
Consumption on heaviest day (1999–2008)
Model 1:*
 Never drinker 32 1.00 (reference) 346 1.00 (reference)
 Former drinker 38 1.28 (0.80 to 2.04) 0.31 295 1.33 (1.14 to 1.56) < 0.01
 Not in past 12 months† 7 1.44 (0.63 to 3.26) 0.39 37 1.01 (0.72 to 1.41) 0.97
 < 1 occasion/month 90 0.91 (0.61 to 1.37) 0.66 577 0.80 (0.70 to 0.92) < 0.01
 1–2 occasions/month 46 0.65 (0.41 to 1.02) 0.06 213 0.67 (0.56 to 0.79) < 0.01
 > 2 occasions/month§ 17 0.77 (0.43 to 1.39) 0.39 95 0.86 (0.68 to 1.07) 0.180
 0.1–1.5 units 45 0.57 (0.36 to 0.90) 0.02 466 0.76 (0.66 to 0.87) < 0.01
 1.6–3.0 units 64 0.54 (0.35 to 0.82)  < 0.01 267 0.72 (0.61 to 0.85) < 0.01
 3.1–4.5 units 20 0.58 (0.33 to 1.01) 0.06 39 0.68 (0.49 to 0.95) 0.02
 > 4.5 units 38 0.68 (0.43 to 1.09) 0.11 36 0.71 (0.50 to 1.00) 0.05
Model 2:‡
 Never drinker 19 1.00 (reference) 195 1.00 (reference)
 Former drinker 33 1.19 (0.67 to 2.11) 0.55 164 1.14 (0.92 to 1.41) 0.22
 Not in past 12 months† 6 1.31 (0.52 to 3.31) 0.57 20 1.23 (0.77 to 1.96) 0.38
 < 1 occasion/month 70 0.80 (0.48 to 1.34) 0.40 388 0.79 (0.66 to 0.94) 0.01
 1–2 occasions/month 40 0.78 (0.45 to 1.36) 0.38 152 0.70 (0.56 to 0.86) < 0.01
 > 2 occasions/month§ 16 0.96 (0.49 to 1.88) 0.90 63 0.92 (0.69 to 1.22) 0.55
 0.1–1.5 units 39 0.75 (0.43 to 1.31) 0.32 305 0.76 (0.63 to 0.91) < 0.01
 1.6–3.0 units 57 0.65 (0.38 to 1.10) 0.11 192 0.73 (0.60 to 0.90) < 0.01
 3.1–4.5 units 18 0.62 (0.32 to 1.20) 0.16 28 0.58 (0.39 to 0.87) 0.01
 > 4.5 units 34 0.66 (0.37 to 1.18) 0.17 27 0.63 (0.42 to 0.95) 0.03
Sample sizes (weekly):
 Model 1 6051 5562
 Model 2 5444 4293
Sample sizes (heaviest day):
 Model 1 11 596 10 267
 Model 2 10 323 7949
*Adjusted for age.
†Participants who reported being current drinkers and also reported not having consumed alcohol within the 12 months before interview.
‡As model 1, plus adjustment for body mass index, economic activity, education, ethnicity, government office region, marital status, smoking status, and social class.
§Participants who reported an average annual frequency of  > 2 occasions/month but who reported not drinking in the week before interview.
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and younger women drinkers, regardless of use cate-
gory. Interestingly, despite the omission of former 
drinkers and application of broad covariate adjust-
ment, alcohol consumption remained associated with a 
reduction in hazards among older women. Here, protec-
tive effects became restricted to lower levels of average 
weekly consumption (≤ 10 units/week), with peak pro-
tection remaining present at 3.1–4.5 units on the heavi-
est day (0.58, 0.39 to 0.87). Additionally, among older 
women, protective effects remained among those who 
reported consumption at a frequency of two or less 
drinking occasions a month.
discussion
The findings from this study suggest that beneficial 
associations typically identified between low intensity 
alcohol consumption and all cause mortality may, in 
part, be attributable to an inappropriate selection of a 
referent group and weak adjustment for confounders. 
Conventionally, research involving working age popula-
tions has alluded to a J-shaped relation between alcohol 
consumption and all cause mortality, with the most 
recent meta-analytic data indicating protective associa-
tions at 33.7 units/week or less among men and 15.9 
units/week or less among women.10 In general, how-
ever, data specific to older populations are lacking, with 
one US study suggesting protection at less than 3.5 
units/week for people aged 60–75 years.32
Aiming to develop the limited body of evidence con-
cerning age specific associations between alcohol con-
sumption and all cause mortality, age stratified 
analyses undertaken for this study support the asser-
tion that risk profiles may differ according to age group, 
with protective associations apparently restricted to 
younger men (50–64 years) and older women (≥ 65 
years), compared with never drinkers and after adjust-
ment for covariates (tables 3 and 4). Among younger 
men, the range of protective use was minimal, with a 
significantly favourable hazard rate present only among 
those who reported consuming 15.1–20.0 units/week 
(hazard ratio 0.49, 95% confidence interval 0.26 to 0.91) 
or 0.1–1.5 units on the heaviest day (0.43, 0.21 to 0.87). 
Sensitivity analyses indicated that protective effects 
were exacerbated among men when samples were lim-
ited to participants aged 50 years or more—that is, those 
at greater risk of cardiovascular disease. The range of 
protective use was broader but lower among older 
women, with significant reductions in hazards present 
at 10 units/week or less and at all levels of heaviest day 
use.
Within the context of mortality, age specific associa-
tions identified as part of this paper are therefore in 
conflict with the suggestion by the Royal College of Psy-
chiatrists.30 Its guidelines recommend that alcohol con-
sumption should be reduced for both sexes on the 
assumption of increased age related risk, to a maximum 
11 units/week or 1.5 units/day for people aged 65 years 
or more.
There are two possible explanations for the lack of 
protective associations among most age specific and 
sex specific alcohol use categories compared with never 
drinkers. Firstly, it is possible that protective relations 
identified elsewhere among working age populations 
have occurred as products of inappropriate selection of 
a referent group, pooling among never drinkers a group 
of less healthy former drinkers known to be at high risk 
of mortality.14–16 This hypothesis is supported by our 
analyses, in which former drinkers commonly exhibited 
increased hazards before multivariate adjustment, with 
models compared with pooled non-drinkers portraying 
larger protective effects across a wider range of use than 
never drinkers only (tables 1–4). This mirrors findings 
from 54 mortality studies examined systematically,16 
where the removal of former drinkers from referent cat-
egories resulted in an attenuation or complete nullifica-
tion of reported protective effects. Through improved 
referent group selection, the analyses undertaken for 
this study may have better isolated the true effect of 
alcohol consumption on mortality.
A second explanation may be the more comprehen-
sive selection of covariates over many existing studies, 
which have proved inconsistent and limited in their 
adjustment for confounding factors. For example, 
recent studies on alcohol related mortality have 
adjusted for age and smoking only,54 age, education, 
and smoking status only,55 and body mass index and 
smoking status only.56 Moreover, in a 2006 meta-analy-
sis most data were found to be crude or age adjusted 
only, with protective effects present across a narrower 
range of alcohol consumption when restricted to stud-
ies reporting adjustment for confounders. It is possible 
that in the present study adjustment was sufficient for 
explaining the primary determinants of mortality, with 
alcohol consumption having little net impact overall.
Finally, attention should be drawn to the effect of 
selection biases when interpreting results from alcohol 
health studies, particularly where older populations are 
sampled and where those exhibiting ill health are 
excluded at baseline. For instance, although a 2013 
analysis of European Prospective Investigation into 
Cancer and Nutrition (EPIC) study data identified pro-
tective associations between lifetime alcohol consump-
tion and cardiovascular disease mortality at moderate 
levels of use in men and women, these beneficial effects 
were evident only among those who were free of preva-
lent disease at the time of enrolment.57 Such a finding 
suggests that protective effects commonly identified 
among existing studies may occur partly as a function 
of selection biases, such as the self selection of healthy 
participants. If so, rather than moderate alcohol con-
sumption being directly involved in the attenuation of 
mortality risk, it may simply represent a lifestyle expo-
sure specific to healthier people.58 In addition, although 
the removal of those with prevalent disease at baseline 
is a common means of attempting to avoid misclassifi-
cation biases, such as misclassifying as light drinkers 
any former heavy drinkers whose consumption has 
recently decreased because of ill health, the removal of 
people who report poor health at baseline may only 
exacerbate the degree of selection bias.59 The effect 
of  such biases should therefore be borne in mind 
when evaluating findings from alcohol health studies—
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particularly when seeking to extrapolate results to the 
population level.
Further age stratified dose-response analyses are 
required in other large prospective datasets to deter-
mine whether findings from the Health Survey for 
England are replicated elsewhere. Analyses need also to 
focus on the range of adverse health conditions experi-
enced by older people.
strengths of this study
In addition to the utilisation of an improved referent 
group and more comprehensive covariate adjustment 
compared with many existing studies, analyses under-
taken for this paper are subject to two additional 
strengths. Firstly, exploring the applicability of age spe-
cific consumption guidelines within England, these 
analyses benefit from a focus on a representative sam-
ple of the English population, with adjustment for gov-
ernment office region. Generalisations based on 
existing studies may be complicated by their focus on 
non-English populations, with just five (15%) of the 
studies selected in a meta-analysis10 having sampled 
cohorts covering the United Kingdom or its constituent 
countries. This is important given the possibility that 
health profiles and exposure to uncontrolled confound-
ers may differ between regions, as highlighted by stud-
ies investigating relations between alcohol 
consumption and both homicide60 and unintentional 
injury,61 which have identified noticeable differences in 
mortality between countries. Additionally, significant 
disparities in alcohol consumption behaviour have 
been found even within nations.62
A further strength of this study was its explicit focus 
on people aged 65 years or more. Those beyond work-
ing age have been substantially under-represented by 
existing studies on alcohol related mortality. Given 
their differential drinking behaviours and physiology 
compared with people in younger age groups, the 
external validity of dose-response data drawn from 
working age populations is questionable when applied 
to older age groups.
We utilised two measures of alcohol use in an 
attempt to capture different drinking behaviours asso-
ciated with the risk of all cause mortality: average 
weekly consumption and use on the heaviest drinking 
day in the week before interview. Results from these 
two measures were found to be complementary, both 
indicating that protective associations between alco-
hol consumption and mortality were largely specific to 
women aged 65 years or more (table 4). Restricting 
data to years for which both exposure variables were 
available (1999–2002), correlations between the vari-
ables excluding never and former drinking categories 
were strong within age-sex strata (r = 0.57 to 0.65, 
P < 0.001).
Finally, we linked and pooled data from up to 10 
large scale population based surveys representative of 
the non-institutionalised English population. Find-
ings from this study are therefore likely to have sound 
external validity for English residents in middle and 
older age.
limitations of this study
Estimates of alcohol consumption depended on self 
reported data, which can be influenced by several fac-
tors, including social context and cultural norms, with 
evidence suggesting that people may alter their 
response according to perceived social desirability.63 
Accordingly, higher levels of alcohol consumption may 
have been under-reported, leading to a misclassifica-
tion of heavier drinkers into lower consumption catego-
ries. Such a misclassification may have positively 
biased the coefficients of lower consumption catego-
ries, attenuating any protective effects present among 
appropriately defined light drinkers. Additionally, 
heavy drinkers particularly may have opted not to par-
ticipate in the survey. This combination of potential 
selection and reporting biases may explain the absence 
of increased risk among participants within categories 
of higher alcohol use, as typically identified in 
meta-analyses.
A further limitation lies in the reliability of partici-
pant recall. According to data from the US National 
Alcohol Survey,64 52.9% of participants who declared 
themselves as never drinkers in 1992 had reported 
drinking in a previous survey. Similar results have also 
been found with data from the 1958 British Birth Cohort 
Study, where 67% of self defined never drinkers 
reported drinking in a previous wave,65 with a figure of 
53% identified based on follow-up data from the US 
National Alcohol Survey. Such reporting errors intro-
duce uncertainty about the reliability of associations 
based on self reported estimates of consumption.
Aside from problems of reliability, the suitability of 
using referent categories for never drinking is subject to 
ongoing debate. Although the exclusion of former 
drinkers from referent categories helped omit less 
healthy people and reduce the artificial inflation of pro-
tective effects among current drinkers, some concern 
remains about the appropriateness of a never drinking 
referent category in populations where drinking is nor-
mative. It has been found, for instance, that partici-
pants who reported illness over consecutive waves of 
two British birth cohort studies were more likely to have 
remained non-drinkers over the same period.66 Taken 
together, it seems that more than half of never drinkers 
may be misclassified and that a proportion of correctly 
defined never drinkers may represent an atypical popu-
lation subgroup subject to poorer health than the gen-
eral population in a manner akin to former drinkers. As 
a consequence, some have recommended the use of 
occasional drinkers as a more appropriate referent cat-
egory,64 67 although precise definitions differ between 
publications—ranging, for example, from 1–11 drinks a 
year (0.02–0.21 drinks/month)16 to 1–2 drinks a month.68 
When we tested several definitions (see supplementary 
table 6), the selection of occasional drinkers as a refer-
ent category was found to near consistently remove all 
protective dose-response effects.
In terms of mortality ascertainment, deaths docu-
mented by 31 March 2011 may not represent the true 
number of deaths during follow-up. Firstly, there may 
have been a delay between a death and that death being 
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documented, leading to an underestimation of mortal-
ity among the cohort. With a similar effect, participants 
who moved from the United Kingdom and subsequently 
died abroad will have been coded as censored except in 
instances where a host nation informed the National 
Health Service central register. However, the impact of 
this was likely to be small.
Analyses did not adjust for survey design variables 
capable of accounting for the clustered and hierarchical 
nature of the sampling procedure. Additionally, some 
degree of unequal selection probability was likely to 
have been present, potentially giving undue influence 
to any oversampled population subgroups. However, 
sensitivity analyses indicated that the effect of these on 
the study findings was likely to be small.
With conventional longitudinal statistical methods 
operating under the assumption that baseline use 
remains stable over time, employing repeated measures 
will prove beneficial. Of the few studies to have utilised 
repeated measures of alcohol use, substantial variabil-
ity in drinking behaviours were identified over time,69 70 
suggesting that established approaches to risk estima-
tion are insufficient for modelling the complexity of 
temporal variations in alcohol consumption and their 
effect on the risk of incident morbidity and mortality. 
The use of growth mixture models alongside repeated 
measures will permit the identification and analysis of 
heterogeneous drinking trajectories, potentially provid-
ing a better modelling of total alcohol use over the life 
course and the association between specific consump-
tion trajectories and risk of disease.
Conclusions
Findings indicate that beneficial associations between 
alcohol consumption and all cause mortality may be 
attributable in part to inappropriate referent group 
selection and weak adjustment for confounders. Selec-
tion biases may also play a part. Compared with never 
drinkers and within the context of all cause mortality, 
age stratified analyses undertaken within this study 
suggest that beneficial dose-response relations are 
largely specific to women drinkers aged 65 years or 
more, with little to no protection present in other age-
sex groups. However, it is possible that the impact of 
selection biases across age-sex strata may explain 
these protective associations. Regardless of whether 
protective associations between alcohol consumption 
and mortality are real, however, temporal variability in 
alcohol consumption appears such that longitudinal 
analyses utilising repeated measures of use to investi-
gate alcohol health relations would seem prudent. 
Future research should seek to move toward statistical 
techniques capable of analysing complex heteroge-
neous drinking trajectories, such as growth mixture 
models.
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